A number of studies have suggested that avian brood size is individually optimized. Yet, optimal reproductive decisions likely vary owing to amongindividual differences in environmental sensitivity. Specifically, 'proactive' individuals who do not track environmental changes may be less able to produce optimal brood sizes than 'reactive' individuals who have more precise local environmental knowledge. To test this, we quantified exploratory behaviour (a proxy for proactivity) in a great tit (Parus major) population, manipulated brood sizes (reduced, control, enlarged) and evaluated whether individuals of dissimilar coping style differed in their level of optimization. If reactive females behaved optimally, any deviation from their original brood size should lower fitness, whereas this should not be the case for proactive females. Reactive females indeed performed best at their natural brood size, whereas proactive females performed best when raising an enlarged brood. These findings imply that proactive females produced sub-optimal brood sizes. We speculate that proactive females might (i) take decisions based on biased perception of their environment, (ii) face energetic constraints in offspring production and/or (iii) be more willing to invest into current reproduction when given the option. Our findings provide experimental evidence for coping style-related differences in optimal reproductive decisions and life-history strategies.
Introduction
Life-history theory predicts that parents should produce brood sizes that maximize their overall fitness [1, 2] . However, when resources are limited, parents need to trade-off the allocation of these resources into competing costly activities. For example, optimal reproductive investment requires trading-off the number versus quality of produced offspring [3, 4] and investment into current versus future reproduction [5, 6] . Brood size (the number of offspring produced per breeding attempt) is optimized at an individual level when parents assess the current state of their environment and adjust their breeding decisions in a way that maximizes fitness ('individual optimization hypothesis'; [7, 8] ). In birds, the idea of clutch size optimization has been extensively tested by manipulating parental reproductive output (such as clutch and brood sizes) to investigate whether their reproductive decision maximized fitness (reviewed in [9] ). Some of those manipulations have yielded evidence for optimization hypothesis, while other studies showed that individuals appeared to behave in a non-adaptive manner [10] [11] [12] [13] [14] [15] . Such mixed results are important for the development of life-history theory and underline the need to investigate the origin of apparent non-adaptive reproductive decisions.
Life-history theory is based on the premise that individuals behave in an optimal manner [1, 2] . Viewed from a reaction norm perspective, this means that individuals are expected to express adaptive phenotypic plasticity in response to environmental change, i.e. any deviation from the reaction norm favoured by selection should reduce fitness (figure 1a). However, a decade of stress physiology research suggests that individuals differ fundamentally in whether their behavioural decisions are informed by environmental input [16] . Individuals that rely primarily on internal routines are referred to as having a 'proactive' coping style, whereas individuals that instead modify their behaviour as a function of the environment have a 'reactive' coping style [17] . Thus, individuals differ in their environmental sensitivity, i.e. the extent to which they track environmental changes. This is important in the context of the optimization hypothesis because it suggests that individuals may differ in their ability to take optimal reproductive decisions. Following this logic, we expect that individuals with a more reactive coping style (who are more sensitive to environmental stimuli) will produce a clutch that is optimally tuned to the local circumstances, whereas individuals with a proactive coping style (who ignore environmental stimuli) may be more likely to take reproductive decisions that are currently locally sub-optimal.
In this paper, we experimentally tested predictions of coping style theory by applying an 'individual optimization' paradigm to a population of great tits (Parus major). The experimental approach consists of comparing females whose manipulated reproductive output (brood size) is either below, above or equal to their chosen output, and asking which treatment group performs best for each coping style. Coping styles affect the expression of suites of behavioural traits such as sampling, speed of exploration, routine formation and risk-taking, some of which are readily assayed in the wild [18, 19] . Using a field-based novel environment test, we quantified exploratory behaviour as a proxy for coping style. We have previously shown that in our study population this behaviour has a cross-year repeatability of 0.37 [20] . Additionally, fast-exploring individuals were both more willing to take risks and less responsive to environmental changes (characteristics of a proactive coping style), whereas slowexploring individuals were more shy and responsive to change (characteristics of a reactive coping style) [20] .
The aim of this study is to test whether females of different exploratory behaviour (a proxy for proactivity) also differ in their level of reproductive optimization. Because male great tits have little indirect phenotypic effects on female clutch size decisions [21] , we focus exclusively on female exploratory behaviour. We consider three scenarios. First, if all females behaved in an optimal manner (individual optimization hypothesis), brood size manipulations (BSMs) should lower annual fitness (number and quality of offspring), regardless of
annual fitness, w Figure 1 . Conceptual representation of three scenarios depicting how coping styles (S, slow explorers/reactive individuals; F, fast explorers/proactive individuals) differ in reproductive decisions (top panels) and depicting the predicted consequences of a brood size manipulation (BSM, reduced brood size (2), control (0) and enlarged brood size (þ)) on annual fitness (w). Although exploration and proactivity are considered as continuous traits, for simplification we depict here the two extremes of the distribution (fast versus slow explorers). In (a) (individual optimization hypothesis), all individuals should closely follow the optimal brood size reaction norms (black lines) favoured by selection (top panels). As a consequence, any BSM should lower fitness (bottom panels). In (b), there are personality-related differences in environmental sensitivity. Slow explorers should produce an optimal brood size because they have precise information on the state of their local environment. By contrast, fast explorers are expected to deviate more from the optimal reaction norm because their information is less precise (top panel). Consequently, a BSM should result in reduced fitness for slow explorers (bottom left) and in either a lower or higher fitness in fast explorers, depending on whether their brood size was above or below the optimum (bottom right). In (c), all individuals behave in an optimal manner but due to general differences in life-history strategies, the intercepts of the brood size reaction norms differ between slow and fast explorers. Fast explorers should invest more heavily in current reproduction and are thus expected to have larger broods per breeding attempt, whereas reactive individuals should invest less in current reproduction and thus have smaller broods per breeding attempt. Similarly to (a), any BSM should lower fitness (bottom panels).
rspb.royalsocietypublishing.org Proc. R. Soc. B 282: 20142405 female exploration score (figure 1a). Second, if females differed in their environmental sensitivity, we predict that the brood size of slow explorers should closely follow the brood sizeenvironment reaction norm favoured by selection (adaptive phenotypic plasticity) because their behavioural decisions are informed by more precise information about the environment. Therefore, any manipulation of their brood size should decrease their annual fitness (figure 1b). By contrast, fast explorers may show greater variation around the optimal reaction norm because they take decisions without closely tracking the environment (they rely more on routines). Consequently, BSM may have no overall effect on annual fitness of fast explorers, because it may lower or increase annual fitness, depending on whether the natural brood size was above versus below the optimal brood size (figure 1b). Finally, females may optimize their reproductive decisions, but differences in life-history strategies may cause individuals with different exploratory behaviours to differ in their average brood size (variation in the intercept of their brood size reaction norm) [22] . Specifically, theory predicts that proactive individuals (i.e. fast explorers) should generally invest more in current reproduction compared with reactive individuals (i.e. slow explorers) because proactivity facilitates access to resources necessary for reproduction but simultaneously increases risk of mortality [22, 23] . Consequently, fast-exploring females should produce larger broods per breeding attempt compared with slow-exploring females (figure 1c). We tested this non-exclusive mechanism by investigating whether speed of exploration was negatively correlated with pre-manipulation clutch and brood size.
Material and methods (a) Study area and study species
The study was carried out in a great tit population inhabiting mixed deciduous forest patches in the Herrsching-Starnberg area of Bavaria, southern Germany (47858 0 N, 11814 0 E). The study site consists of 12 nest-box plots with 50 boxes each, established in autumn 2009.
(b) Data collection
We checked nest-boxes weekly from the beginning of April onwards, and recorded lay date (back-calculated assuming that one egg was laid per day) and clutch size. Shortly before the expected hatch date, we checked nest-boxes daily to determine hatch date (day 0). At day 2, we weighed the complete brood (+0.1 g). At day 3, we swapped nestlings between nests according to the experimental protocol detailed below. We marked nails of swapped nestlings either with nail polish or by clipping them for later identification. At day 6, we weighed nestlings, bled them and ringed them with an aluminium ring. At day 7, we caught both parents with a spring trap in the nest-box, tested them for exploratory behaviour (detailed below), weighed, bled, measured and ringed them. If we failed to catch females on day 7 (N ¼ 62 females, 15.12%), another catching attempt was made on day 9. Catching probability was independent from the females' exploration score (General Linear Mixed Model (GLMM) with standardized exploration score as fixed effect and plot as random effect; female exploration b (95% credible interval (CI) ¼ 0.12 (20.44, 0.49)). At day 14, we took standard body measurements (body mass, tarsus, wing length) of the nestlings. From day 19 onwards, we checked boxes every second day to determine the fledge date. Nests were emptied and checked for deceased chicks. Further weekly checks gave information about the incidence of second or replacement clutches and the success of these clutches.
(c) Experimental set-up
We performed BSMs in 2 years (2010 and 2011) using first broods only (defined as clutches initiated within 30 days of the earliest clutch in that year [24] ). We forced individuals to raise either a reduced brood (23 nestlings), a control brood (manipulated but no net change in brood size) or an enlarged brood (þ3 nestlings). A change of +3 nestlings is sufficient to significantly alter reproductive investment while staying within the natural range of brood sizes [25] . Nestlings of similar age (day 3) and similar mean mass were transferred between nests (mean nestling mass difference + s.d. ¼ 0.41 + 0.41 g, n ¼ 106 duos). We exchanged nestlings such that in all experimental nests, including controls, half of the nestlings were from another brood. We assigned brood size treatments randomly, independently of the nest's original brood size (GLMM with BSM category as fixed effect and plot as random effect; BSM:
In total, we obtained complete information (female's identity and exploration score) for 72 reduced nests, 66 control nests and 72 enlarged nests.
(d) Exploratory behaviour
We measured exploratory behaviour for all breeding birds when their nestlings were 7 or 9 days old (see above) using a cage test adapted from the classic 'novel environment' test [19, 26] . A full description of the procedure can be found in Stuber et al. [20] . Briefly, directly following capture, the focal bird was placed into a darkened compartment connected to an 'exploration cage' (a 61 L Â 39 W Â 40 H (cm) solid white plastic box fitted with three perches and a mesh front part) and left to acclimatize for 1 min. The bird was then released into the cage, and its behaviour filmed for 2 min using a video camera placed 2 m in front of the cage. Following the test, standard morphometric measurements and blood samples were taken (detailed above) and the bird was released in the vicinity of its nest-box. Exploratory behaviour was then scored from the videos as the total number of flights between locations and hops within a location [26] . Inter-observer correlations were on average greater than 0.85 (10 random videos, scored by eight observers [20] ).
The BSM was conducted 4 days prior to the parental exploration test (see above). Female exploratory behaviour did not differ between BSM categories, suggesting that their behaviour was not affected by the manipulation (GLMM with BSM fitted as fixed effect factor and plot as random effect:
Repeated measures of exploration (e.g. assayed during second breeding attempts) were not included in the analyses.
Exploratory behaviour in great tits is commonly assayed during winter [27] ; unfortunately, only a subset of our breeding birds (31% of all birds breeding in 2010 and 2011) could be captured while roosting in a nest-box during winter, which increases the likelihood of personality-related sampling bias [28] . Therefore, to avoid such bias, we assayed exploratory behaviour during the breeding season; this test enabled behavioural quantification of all breeding birds. We have previously shown that spring and winter exploratory behaviours were not correlated, which suggests that they may measure two different underlying traits or different aspects of exploratory behaviour (as discussed in Stuber et al. [20] ). However, the lack of correlation does not influence the interpretation of our results because both traits predict environmental sensitivity in the same direction, i.e. they are both proxies of coping style.
(e) Analyses of optimization of reproduction
We used a two-step approach to address whether brood size was optimal for the average female great tit in our population, and whether individuals differed in their level of optimization.
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First, we provide a detailed general description of how the BSM affected fitness gains: the probability to succeed (to produce at least one fledgling) and, for nests that did succeed, the number of fledglings (measured as the brood size at day 14) and fledgling mass (average nestling mass at day 14) . Variation in the number of recruits per nest was too low to be meaningfully analysed (mean number of recruits per nest + s.d. ¼ 0.07 + 0.32 in 2010 and 0.29 + 0.57 in 2011), probably due to the small size of our study areas causing the majority of fledglings to settle outside of them. We also quantified effects of the BSM related to the costs of reproduction: the probability of producing a second clutch (given that the first brood was successful) and the probability of surviving locally (i.e. breeding in the following year). Analyses of these different components of fitness altogether allowed us to infer whether females behaved in an optimal manner.
Second, we used phenotypic selection analyses [29, 30] to test whether female optimization depended on coping style. Based on the results of the first step (see §3), we used two measures of relative fitness (defined as individual fitness divided by the fitness of the average individual in a focal year [29, 30] ) that were affected by the BSM: the relative number of fledglings and relative fledgling mass. All broods were used in the analyses, including those that failed to fledge any young.
(f ) Statistical analyses
We used GLMMs to test whether brood size was optimized for the average individual in our population, by fitting a focal fitness component (see above) as the response variable. Pre-manipulation brood size (day 3), BSM category, year and the interaction between year Â BSM category were included as fixed effects in all models to test for year-specific effects of the manipulation and to control for unmeasured environmental effects (given that the ecological conditions differed strongly between the two study years; see §3). Because mass varies over the day [31] , we added 'time of measurement since sunset' as a covariate in the analyses of mass. BSM category (23 nestlings, control, þ3 nestlings) and year (2010 and 2011) were fitted as fixed factors with 'control' and '2010', respectively, set as reference categories. All continuous fitness components were standardized (i.e. expressed in standard deviation units), and pre-manipulation brood size and time were fitted as covariates centred around the annual population mean [32] . Random intercepts were included for plot, nest-box and female identity. Analyses of the number of fledglings and mean fledgling mass were analysed using a Gaussian error distribution. Analyses of the probability to succeed, the probability of producing a second clutch and female local survival probability (i.e. probability of breeding in the following year) were analysed using a binomial error distribution.
To test whether types of females differed in the level of individual optimization, we performed phenotypic selection analyses by calculating standardized selection gradients among treatment groups. The strength and direction of phenotypic selection on exploratory behaviour were estimated by regressing the focal measure of fitness against an individual's relative trait value [29, 30] . Measures of fitness were standardized and expressed as relative fitness (divided by the within-year mean fitness), and exploratory behaviour was standardized within year and expressed in standard deviation units. Using a GLMM with a Gaussian error distribution, variation in relative fitness was analysed in relation to the BSM (fitted as factor), standardized exploratory scores and the interaction between the BSM and standardized exploratory scores. Plot, nest-box and female identity were fitted as random effects in all models. Correcting the models for clutch size or brood size before manipulation did not affect the conclusions (results not shown). Year and interactions with year were not significant (y- 33] with the 'glmer' function of the 'lme4' package. We used the 'sim' function of the 'arm' package to simulate values of the posterior distribution of the model parameters [34] . 95% CI around the mean (b) were extracted based on 1000 simulations [35] . The statistical significance of fixed effects and interactions were assessed based on the 95% CI around the mode. We considered an effect to be 'significant' in the frequentist sense when the 95% CI did not overlap with 0. The limits of a 95% CI were obtained as the 2.5 and 97.5% quantiles of the posterior distribution of parameter estimates from the full model.
Results (a) Optimization of brood size
The BSM strongly affected the offspring but not the maternal components of fitness. Analyses revealed that both fledgling number and fledging mass were affected by the BSM. Compared with controls, enlarged broods (þ3) fledged more nestlings of lower mass, whereas reduced broods (23) fledged fewer nestlings of higher mass (table 1) , revealing a trade-off between quality and quantity of offspring. Females with large pre-manipulation brood sizes, furthermore, produced more fledglings (table 1) . Breeding conditions were better in 2011, leading to heavier and more fledglings per nest in that year. Enlarged broods produced significantly more fledglings in 2011 compared with 2010 (table 1) . Furthermore, in 2011 females were more likely to succeed in producing at least one fledgling. However, maternal fitness components (i.e. the probability of producing a second clutch and female local survival probability) did not differ between manipulation categories (table 1) . Overall, our results suggest that brood size was not optimized at the population level because females in the control treatment did not have the highest short-term fitness (see figures in electronic supplementary material, S1).
(b) Individual optimization and proactive behaviour
If variation in coping style explains differences in the level of optimization, we predict a significant interaction of BSM Â exploration score on relative fitness (figure 1b). Our analyses confirmed that this was the case (overall effect on relative fledgling number: BSM Â exploration: x 2 2 ¼ 8:61, p ¼ 0.01; overall effect on relative fledgling mass: BSM Â exploration: x 2 2 ¼ 7:08, p ¼ 0.03). For both fitness measures, we found that faster females fledged relatively more and heavier offspring in the enlarged brood size group than the other treatment categories, implying that their natural brood size was below their optimum (table 2 and figure 2). By contrast, slower females performed better at their chosen brood size or when their brood was reduced, implying that their natural brood size was more optimized (table 2 and figure 2). Further analyses revealed that the reduced performance of slower females in the enlarged treatment group was explained by a higher probability of failing to produce any fledglings (electronic supplementary material, S2). 
(c) Exploratory behaviour and life history

Discussion
The aim of this study was to test whether females with different coping styles differ in their ability to take optimal reproductive decisions. We predicted that the fitness consequences of BSMs should differ between fast (i.e. proactive individuals) and slow explorers (i.e. reactive individuals), because of associated differences in environmental sensitivity. This should affect their ability to express adaptive phenotypic plasticity, and hence, the production of a brood size that is well matched to the current environment. Our results showed that the fitness consequences of the BSM depended on female coping style or phenotypic traits associated with female exploration tendency. In partial support of the scenario depicted in figure 1b, faster explorers did best when their brood size was enlarged, suggesting that fast females consistently underestimate the Table 2 . Model summary of phenotypic selection analyses of female exploratory behaviour in a great tit population. The effects of the brood size manipulation (BSM) on relative fitness are studied in relation to female exploratory behaviour standardized within year. Estimated effects sizes (b) are reported with their 95% credible interval (CI; n ¼ 189 females). Significant effects are denoted in bold face. rspb.royalsocietypublishing.org Proc. R. Soc. B 282: 20142405 clutch size they should produce. By contrast, slower-exploring females performed best at their original brood size (and no different when their brood size was reduced), i.e. their reproductive decisions seemed more optimized. Further phenotypic selection analyses detailed in the electronic supplementary material confirmed that faster females, in fact, performed better than slower females within the enlarged treatment ( figure 3 ; electronic supplementary material, S3). We also expected proactive and reactive females to differ in natural brood sizes, i.e. in general life-history strategy. Female exploratory behaviour was, however, not correlated with these life-history decisions. This non-experimental part of the dataset suggests that proactive, fast explorers did not bias investment towards current reproduction, unless proactive and reactive individuals adjust brood sizes differently with age [22, 23] . Whether this is the case can only be addressed with long-term longitudinal data, which we are currently lacking.
(a) Population-level optimization of brood size
In agreement with life-history theory [1, 2] and findings from other great tit populations [25, 36] , our experiment revealed the existence of a trade-off between the number and quality of offspring produced. Brood enlargement increased the number of fledged offspring but these were of lower mass. Our manipulation did not, however, reveal a trade-off between investments into current versus future reproduction, because female residual reproductive value (future fecundity and survival) was not affected. We showed previously that reproductive costs are enhanced in more competitive social environments [10] . Therefore, without direct manipulation of social environments (such as the local density of males [10] ), survival or fecundity costs of reproduction may not be revealed. Our two study years differed drastically in ecological conditions. In 2010, the reproductive output of females was lower and they coped less well with brood enlargement than in 2011. These results indicate that in the 'bad' year (2010), females had difficulties in meeting increased brood demands and it should have been more advantageous to produce smaller broods. This suggests that brood size is not optimal for the average female in the population, particularly in harsh years, or that early cues used for clutch size decisions were not appropriately predicting later environmental conditions. Yet, because we did not detect clear fitness costs, the conclusion regarding the optimality of brood size depends on whether or not the BSM affected the number of recruits per nest. Unfortunately, recruitment into our population was too low for meaningful analysis because most surviving young probably settled outside our nest-box areas.
(b) Proactive behaviour and individual optimization
This study tested whether females with different coping style differ in their levels of brood size optimization. Our analyses revealed that faster explorers produced a brood size that was below their optimum (i.e. not individually optimized), whereas slower explorers produced a brood size that was a good match to the environment (i.e. individually optimized; figure 1b) . These results constitute a special case of the scenario rspb.royalsocietypublishing.org Proc. R. Soc. B 282: 20142405 depicted in figure 1b where fast-exploring females consistently underestimate the size of the clutch they should lay. A prominent explanation for the existence of coping styles involves personality-related differences in information use [37, 38] . Sampling information about local environmental features allows individuals to reduce uncertainty around fitness-relevant decisions [39] . Yet, because speed of behavioural decisions is traded-off against precision [38] , a central prediction of coping style theory is that reactive individuals (who sample slowly but thoroughly) should be better able to assess the current conditions, or cues for future conditions during brood care, and therefore, should be better able to match their phenotype to the environment than proactive individuals [37, 38] . We found that fast-exploring females consistently produced a number of offspring that was lower than the number of offspring they could raise, which is in line with the idea that they produced a brood size based on a biased perception of the environment (i.e. their clutch sizes fall 'under' their optimal reaction norm depicted in figure 1b) . Studies on great tits have shown that slowexploring individuals respond more quickly to changes in food distribution [19] and invest more heavily in sampling foraging options compared with fast-exploring individuals [40, 41] . If early spring conditions can predict future food availability, such foraging behaviour may be important in determining the optimal number of nestlings that can be raised successfully. This explanation, however, does not clarify why fitness measures of both slow-and fast-exploring females were not significantly lower in the reduced brood size treatment.
The detected patterns may also be caused by physiological constraints acting on fast explorers during egg production. It is known that egg production is costly and that food supply in early spring represents an important determinant of clutch size [42] . If fast-exploring females would, for example, devote more time and energy to defending their resources at the cost of time spent foraging [43] , this could reduce the amount of resources available for egg production. As a result, fast-exploring females would consistently produce smaller broods than slow-exploring females. Yet, because fast-exploring parents provision their young at a higher rate ( [44] , but see [45] ), they might be better able to cope with brood enlargement than slow-exploring parents. This explanation warrants further testing and we are currently examining whether personality-related differences in provisioning behaviour could explain our findings [46] .
Finally, an adaptive explanation for our results may involve personality-related differences in future fitness expectations. Individuals' willingness to increase reproductive effort may depend on their expected future survival and reproduction. Increasing work load to meet brood demands may be seen as a 'risky action' that increases mortality risk (e.g. through increased predation risk [47] or physiological aging [48] ). It has been proposed [23] (and confirmed experimentally [49] ) that willingness to take risks is lower for individuals with increased future fitness expectations (or 'assets'): by behaving more cautiously, individuals with increased survival or reproductive prospects would have higher chances of realizing their assets. There is experimental evidence that slow-exploring individuals are generally more risk averse than fast-exploring individuals [20, [50] [51] [52] . Because exploration score is expected to be negatively correlated with future fitness expectations [22] , it is possible that only fast-exploring females compensate for the manipulation (because they will have fewer future reproductive opportunities) and thus fledge more and heavier offspring in the enlarged treatment. By contrast, slow-exploring females might not be willing to increase their reproductive effort after an experimental increase in brood size, such that their offspring pay the cost. This paper addressed the question whether coping behaviour predicts level of optimization. We investigated this question by asking whether an individual's exploratory behaviour predicts its level of clutch size optimization within the same year. However, both exploratory behaviour and ability to optimize reproduction represent behaviours that may harbour both among-and within-individual variation (owing to personality and plasticity, respectively; [53] ). The demonstrated relationships between coping and level of optimization, similarly, may exist at both levels [54] . We had no a priori reason to predict differences in associations between coping style and level of optimization within versus among individuals, and therefore assume that the reported covariance applies to both levels. Repeated measures for both coping and level of optimization are required to enable partitioning of coping style-related differences in optimization within versus among individuals [55] .
Conclusion
By applying an 'individual optimization' paradigm, we showed that the expression of adaptive phenotypic plasticity depended on a female's (current) coping style. We showed that reproductive decisions of faster explorers (i.e. proactive individuals) were sub-optimal, whereas reproductive decisions of slower explorers (i.e. reactive individuals) were matched with their environment. Those findings lead to the question of which conditions maintain variation in exploratory variation in natural populations [56] . The answer to this question might lie in the notion that reactive behaviour is expected to be favoured only in conditions where the benefits of phenotypic plasticity outweigh its costs [57, 58] , such as predictably varying environments [59] , whereas proactive behaviour should be favoured when the environment is stable [60, 61] . In line with this idea, recent theoretical modelling implies that spatio-temporal variation in the availability and predictability of resources can favour the maintenance of proactive and reactive individuals in the same population [62, 63] . Similarly, empirical studies have shown that selection on personality traits can vary across sexes or years [64] and can be linked to changes in predator abundance [65] , local social environment or habitat quality [66] . A challenge for future studies will be to identify which environmental variables and which spatial scales are relevant to understand the maintenance of variation in proactivity in our population.
